. In apple, the optimum conditions for stratification, or after-ripening as it is often called (14), are exposure to 5°C (14) for approximately 60 d (17).
tively. The from partially stratified pear seeds increases (1) , the RER in the meristematic regions of apple embryo axes also increases during stratification (3) .
Stratification also affects protein synthesis and the activities of specific enzymes. Aminoacyl-tRNA synthetase activities increase during early stratification of pear seeds (22) . Protease activity (15) , phenol oxidases (18) , peroxidases (15, 19) , isoperoxidases (23) , acid phosphatase (20) , and acid lipase (27) activities increase in apple seeds during stratification. The increased protease and lipase activities cause specific axis proteins to be degraded during stratification, indicating a mobilization of storage reserves (5) .
To obtain an overview of total changes in protein patterns during stratification, we report here the analysis of various apple seed parts by SDS-polyacrylamide gel electrophoresis. (4, 7, 26) . In apple, the optimum conditions for stratification, or after-ripening as it is often called (14) , are exposure to 5°C (14) for approximately 60 d (17) .
MATERIALS
The actual mechanism of low temperature release from dormancy is not known. One hypothesis is that ABA functions as a germination inhibitor and GA3 functions as a germination promoter, and the degree or depth of dormancy is a result of the ratio of the two (2, 24) . GA3 levels increase during stratification (24) . In hazel seeds, exogenous application of GA3 substitutes for stratification. Following such application, RNA synthesis increases as a result of increased RNA polymerase activity and DNA template availability (8, 9) indicating that release from dormancy involves gene expression (25) . Excised pear embryos synthesize nucleic acids due to stratification without GA3 application (12) . Application of ABA to pear embryos decreases synthesis of specific RNA fractions (11) and changes the embryo's nucleotide composition (10) (Fig. 1) . Seeds treated at 15°C nevi (Fig. 1) . When isolated embryos were stratified, the time required for germination was reduced but resu] were dwarfed and epinastic as seen before (3, (Fig. 2, A and B) , no obvious changes were seen in cotyledons (Fig. 2C) Figure 3A .
The 70 kD polypeptide of 5oC treated axes tripled during stratification, whereas the amount of this polypeptide was constant during 15°C treatment of seeds. shown). The day 0 profiles of axis and cotyledon polypeptides were rather similar in the 27 to 47 kD range (Fig. 2, A and C) .
Although the polypeptide profiles from axes changed during stratification, no changes occurred in the profiles of cotyledon polypeptides. Even the five most predominant cotyledon polypeptides, which are of identical mol wt to the corresponding axis polypeptides, did not change. Thus, during stratification, the protein reserves are specifically mobilized in the axes of seeds.
DISCUSSION
Seed dormancy in apple has been studied almost exclusively on whole seeds (14, 15, (18) (19) (20) (21) 27 ). We set out to investigate dormancy breaking physiological changes in different seed tissues, the axes and the cotyledons. The axes, destined for growth at germination, almost doubled in fresh weight and increased somewhat in dry weight during 63 d of 50C stratification. However, the cotyledons underwent little weight change over this period. Thus, the major weight increase of seeds during stratification is due to uptake of moisture by the axes. Assuming that axes from dormant seeds contain about 20% water (w/w), we estimate that the water content of axes increases 4-to 7-fold during stratification.
To approach the question of what causes the water uptake into the axes, we analyzed the protein profiles of both axes and cotyledons. The amounts of total soluble protein in axes and cotyledons change very little during stratification. However, we observed major qualitative and quantitative differences between axes and cotyledons, when the total soluble protein was analyzed by SDS gel electrophoresis. Changes are only observed in the axis protein profiles, the cotyledon profiles are constant over the entire period of stratification.
Readily apparent was a gradual decrease in the amounts of the five most predominant axis polypeptides, possibly storage proteins. Judged by their subunit mol wt only, identical polypeptides are found in the cotyledons but they are not degraded during stratification. This specific decrease of the axis polypeptides agrees well with axis-specific observations of Dawidowicz-Grzegorzewska and Zarska-Maciejewska (5) , and is also consistent with the increase in protease activity during stratification (15) . We also saw several polypeptides increase in absolute amounts and thus becoming relatively more abundant. The picture is complex and a careful two-dimensional gel analysis may turn up many more changes than we have observed.
